INTRODUCTION
============

The prevalence of child and adolescent obesity has increased worldwide \[[@B1][@B2]\], with the consequent simultaneous increase of several comorbidities \[[@B3][@B4][@B5][@B6][@B7]\], especially insulin resistance (IR) \[[@B8]\]. IR is considered the trigger for the onset of the many components of metabolic syndrome (MS) \[[@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16]\], which is characterized by a series of comorbidities usually seen in clusters \[[@B17]\] (dyslipidemia, hypertension, diabetes, steatosis, subclinical inflammation, among others), and that are risk factors for cardiovascular disease. Studies have been conducted in order to define the diagnostic criteria and cutoff points to determine IR using Homeostatic model assessment (HOMA)-IR, or fasting plasma insulin, although the first is controversial \[[@B18]\]. The hyperinsulinemic- euglycemic clamp, the gold standard for the diagnosis of IR, is not applicable in clinical practice due to its technical complexity, especially in the pediatric age group \[[@B9][@B19][@B20][@B21][@B22][@B23][@B24][@B25]\]. According to Sinaiko \[[@B13]\], the values of fasting glucose and plasma insulin are the only ones required to calculate HOMA-IR, which intends to demonstrate the correlation between pancreatic capability of insulin production and the capacity of maintaining adequate glucose.

Since in the pediatric age group there is rarely significant variation in blood glucose, some authors suggest that fasting plasma insulin can be used alone for the diagnosis of IR in children \[[@B14][@B22]\]. There are, however, several limitations to the use of these IR indicators, such as the need to establish a cutoff point related to any associated risk, which is usually obtained through longitudinal and long term studies, and the significant variability of the values of fasting plasma insulin according to age group \[[@B19][@B20][@B23][@B26][@B27]\].

Moran et al. \[[@B27]\] reported that puberty is a period in which a state of "physiological IR" occurs related to age advancement and independent of changes in body composition. Aradillas-García et al. \[[@B28]\], when evaluating Mexican children and adolescents 6 to 18 years of age, found that both fasting insulin and HOMA-IR, regardless of the presence of obesity, increase gradually until the age of 12--13 years, and then reach a plateau. A study by Almeida et al. \[[@B19]\], conducted among eutrophic adolescents with mean pubertal development, demonstrated that fasting plasma insulin and HOMA-IR vary significantly according to age, increasing until around 13í15 years, and then decreasing, both for boys and girls. García Cuartero et al. \[[@B20]\], based on a survey that included 372 subjects aged one month to 18 years, observed a significant variation of fasting plasma insulin and HOMA-IR related to pubertal stage, age and gender. Jeffery et al. \[[@B26]\] have demonstrated that this elevation begins in childhood some years before puberty, and that its onset depends more on age than pubertal staging, questioning the relationship between sexual development and IR.

There is no consensus regarding the reference values of fasting plasma insulin or HOMA-IR for the diagnosis of IR in the pediatric age group and several cutoff points have been reported in the literature \[[@B18][@B28][@B29][@B30][@B31][@B32][@B33][@B34]\]. The most used are 15 µU/mL for fasting plasma insulin \[[@B25]\] and 3.16 for HOMA-IR \[[@B21]\]. Due to the variability of plasma insulin in the pediatric age group, there is a proposal to use cutoff values for HOMA-IR according to gender and pubertal staging \[[@B33]\]. It would be then necessary to add the Tanner criteria in order to identify IR, what limits the use in population studies and adds subjectivity to it.

Based on the study by Almeida \[[@B19]\], and considering the findings of Jeffery et al. \[[@B26]\], that IR depends more on age than on pubertal staging, it is possible to propose specific values of plasma insulin and HOMAIR for each age group and gender. Therefore, this study intended to compare, in a sample of obese children and adolescents, age-adjusted cutoff points, that we called "corrected cut off point" (CCOP) with "fixed cut off point" (FCOP) for fasting plasma insulin and for HOMA-IR for the identification of IR using as outcome the presence of dyslipidemia.

MATERIALS AND METHODS
=====================

A multicenter cross-sectional study was conducted at two outpatient clinics: the *Centro de Estudos em Saúde e Nutrologia Infantojuvenil* (Center for Studies on Child and Adolescent Nutrition and Health) at the University of Ribeirão Preto (Cesni) and the *Ambulató rio de Obesidade Infantojuvenil do Serviço de Nutrologia* (Nutrology Service: outpatient clinic for Child and Adolescent Obesity) of the Hospital de Clínicas of the Federal University of Rio Grande do Sul (AmO). Both are academic services, where data collection follows rigorously standardized methodology. The work was approved by the ethics in research committees of the University of Ribeirão Preto (number 94/2003) and of the Hospital de Clínicas de Porto Alegre (number 07/258). Written Informed Consent was obtained from the subjects.

Inclusion criteria were: all new cases of patients seen between January 2008 and December 2012, aged 7 to 18 years, and with body mass index above the z score +1 (n=489 eligible). The exclusion criteria were: refusal to sign the consent form (n=2), impossibility to do anthropometry (n=3) or to collect laboratory tests (n=61), other diseases (diabetes mellitus type 1 \[n=0\], hypothyroidism \[n=0\], and inborn errors of metabolism \[n=1\]) and incomplete data on medical record (n=39). After meeting the above criteria, 383 subjects were included in the study, 190 of which were seen at Cesni and 193 at AmO.

All were instructed to fast for 12 hours; anthropometric data and blood were collected at the time of the first visit. Weight and height measurements followed the recommendations of the World Health Organization \[[@B35]\]. Two tubes of 4 mL of blood were collected in a recipient with no additive and sent to the laboratory within two hours for sample processing and biochemical and hormonal analysis. The biological material was separated in a Bio Eng centrifuge model BE 4000 (BIO-ENG, Curitiba, Brazil) running for 5 minutes at 3,500 rpm between one and two and a half hours after harvesting (sufficient time for blood clotting). Biochemical insulin dosage was carried out in one of the aliquots on the day the blood was drawn, by automated chemiluminescence, in a Immulitte DPC Medlab equipment (DPC MEDLAB, Salvador, Brazil). Glucose and lipids were evaluated by the automated enzymatic method with Cobas Mira Plus Roche equipment (Roche Diagnostic Systems, Indianapolis, IN, USA). HOMA-IR was determined applying the equation proposed by Wallace and Matthews \[[@B36]\]: plasma glucose (mol/dL)×plasma insulin (µUI/mL)/22.5.

Hyperinsulinism, used as a marker of IR, was considered considered when the plasma insulin concentration was above the cutoff point according to two possibilities:

A\) 15 µU/mL FCOP, as usually recommended \[[@B25]\];

B\) CCOP for age and gender, adding two standard deviations to the mean values found in a previous study \[[@B19]\] for five age groups. As there is no study with clinical outcomes defining the cut off points adjusted for age, we decided to use a statistical approach, considering as "normal," values of insulin between the average and 2 standards deviation above the average; and "hyperinsulinism" as values higher than this.

7 to 8.9 years: 7.92 µU/mL (boys) and 6.70 µU/mL (girls)9 to 10.9 years: 8.69 µU/mL (boys) and 11.99 µU/mL (girls)11 to 12.9 years: 12.18 µU/mL (boys) and 13.26 µU/mL (girls)13 to 14.9 years: 13.74 µU/mL (boys) and 14.85 µU/mL (girls)15 to 17.9 years: 10.27 µU/mL (boys) and 13.13 µU/mL (girls)

HOMA-IR was the other diagnostic method for IR, considering the following cutoff points: A) FCOP of 3.16 \[[@B21]\];B) CCOP for age and gender, adding two standard deviations to the mean values found in a previous study \[[@B19]\] for five age groups. As there is no study with clinical outcomes defining the cut off points adjusted for age, we decided to use a statistical approach, considering as "normal," values of HOMAIR between the average and 2 standards deviation above the average; and "High HOMA-IR" as values higher than this.

7 to 8.9 years: 1.76 (boys) and 1.39 (girls)9 to 10.9 years: 1.97 (boys) and 2.62 (girls)11 to 12.9 years: 2.65 (boys) and 3.02 (girls)13 to 14.9 years: 3.21 (boys) and 3.46 (girls)15 to 17.9 years: 2.39 (boys) and 2.89 (girls)

The cutoff points used to define dyslipidemia were proposed in Brazil by the "I guidelines of prevention of atherosclerosis in childhood and adolescence" \[[@B37]\]: total cholesterol (TC) \>150 mg/dL; low density lipoprotein cholesterol (LDL-C) \>100 mg/dL; high density lipoprotein cholesterol (HDL-C) \<45 mg/dL; triglycerides (TG) \>100 mg/dL.

The variables studied were: 1) gender-related frequency of metabolic abnormalities; 2) presence or absence of IR in relation to plasma insulin or HOMA-IR FCOP or CCOP for age; and 3) the frequency of dyslipidemia in children with IR, also according to FCOP and CCOP.

The computer program Graphpad Prism 5 was used for statistical analysis. Fisher\'s exact test (two-sided) was used to compare frequencies, and Mann-Whitney test to compare non-parametric data, considering statistical difference when *p*\<0.05. The results were presented as mean±standard error of the mean (SEM) or percentage.

RESULTS
=======

[Table 1](#T1){ref-type="table"} depicts the demographic and laboratory characteristics of the 383 children evaluated (mean±SEM). This sample consisted of 55% females, with a mean age of 11.3±0.1 year and body mass index z score of +2.4. Among these, 221 (57.7%) and 217 (56.7%) presented IR according to increased (fixed or corrected) values of fasting plasma insulin or HOMA-IR, respectively.

For patients diagnosed with IR according to fasting plasma insulin, the use of CCOP resulted in significantly lower values of fasting plasma insulin and HOMA-IR as compared to those obtained using FCOP, although still quite high in relation to the whole sample. A similar result was found in the patients diagnosed with IR by HOMA-IR as compared to fasting plasma insulin values, but not when compared to HOMA-IR values. [Table 1](#T1){ref-type="table"} also shows that the mean values for TC, HDL-C, and TG were abnormal regardless of whether FCOP or CCOP of fasting plasma insulin or of HOMA-IR were considered. Blood glucose remained within normal values in all patients with IR, regardless of the type of cutoff values used for fasting plasma insulin or HOMA-IR.

The frequency (%) of metabolic abnormalities found in relation to gender is depicted in [Table 2](#T2){ref-type="table"}. Using insulin with FCOP, 33.1% of boys and 44.1% of girls had IR and using HOMA with FCOP, the prevalence was 37.8% and 42.7%, respectively. Using insulin with CCOP, 57.6% of boys and 57.8% of girls had IR and using HOMA with CCOP, the prevalence was 57.0% and 55.5%, respectively. There was no difference between boys and girls in the frequency of IR identified by FCOP or CCOP of fasting plasma insulin or of HOMA-IR.

[Table 3](#T3){ref-type="table"} depicts the distribution of patients with or without IR, according to the use of FCOP or CCOP. Using fasting plasma insulin or HOMA-IR CCOP, as compared to FCOP, there was concordance in 150 (68.0%) and 153 (70.0%) subjects, respectively, and discrepancy in 71 (32.1%) and 62 cases (28.6%) for the diagnosis of IR. On the other hand, for the diagnosis of absence of IR, CCOP was consonant with FCOP in 162 (73.3%) and 166 (76.5%) for fasting plasma insulin and HOMA-IR, respectively, and discrepant in none for fasting plasma insulin and in 2 for fasting HOMA-IR.

The frequency (%) of lipid changes in the sample of patients with IR according to the cutoff criteria for fasting plasma insulin and HOMA-IR is depicted in [Table 4](#T4){ref-type="table"}. The frequency of dyslipidemia was also high, being above 50% for all indicators evaluated.

DISCUSSION
==========

The objective of this study was to compare, in a sample of 383 children and adolescents with excess weight, the criteria of age and gender CCOP with one of the criteria of FCOP for fasting plasma insulin and for HOMA-IR adopted in the literature, used to identify IR, and its correlation with dyslipidemia. The frequency of IR identified by the use of the fasting plasma insulin and HOMA-IR CCOP was 57.7% and 56.1%, whereas the FCOP identified 39.2% and 40.5% patients with IR, respectively ([Tables 1](#T1){ref-type="table"} and [3](#T3){ref-type="table"}). This frequency is similar to that found in 466 Mexican obese adolescents aged 11 to 13 years, using a HOMA-IR FCOP of 3.4 \[[@B38]\]. In this study, CCOP enabled the identification of more cases of IR than FCOP. Nevertheless, fasting insulin and HOMA-IR values in patients with IR identified by increased fasting plasma insulin were significantly lower when CCOP was used as compared to FCOP ([Table 1](#T1){ref-type="table"}).

When CCOP of fasting plasma insulin and of HOMA-IR were used, as compared to FCOP, the authors found intense correlation both for the diagnosis of IR as for the absence of IR ([Table 3](#T3){ref-type="table"}).

In other studies, which used multivariate regression analysis, a positive association was found between the female gender and the presence of IR \[[@B39][@B40]\]. In our sample, however, no significant difference was seen in the frequency of IR in relation to gender, corroborating previous results obtained in eutrophic children and adolescents \[[@B19]\] ([Table 2](#T2){ref-type="table"}). It is important to note that, in the studies mentioned, lower FCOPs were used than those employed in this study (HOMA-IR greater than or equal to 3.16).

Another objective of our study was to evaluate the frequency of some of the outcomes often found in MS, such as dyslipidemia and abnormal fasting glucose, in the presence of IR, identified by different cutoff criteria for fasting plasma insulin and for HOMA-IR. Many researchers have identified a correlation between markers of IR and the classic components of MS, especially hypertriglyceridemia, low HDL-C, hypertension, and increased waist circumference, both in adults and in children and adolescents of different ethnicities \[[@B38][@B41][@B42][@B43][@B44]\]. In this study, the frequency of metabolic alterations such as increased TC, LDL-C and TG, decreased HDL-C, and abnormal fasting glucose in cases of IR, identified according to CCOP of fasting plasma insulin and of HOMA-IR, was similar to those found using FCOP ([Table 3](#T3){ref-type="table"}). Juárez-López et al. \[[@B38]\] demonstrated that in a sample of Mexican obese children, the most frequent metabolic alteration was low HDL-C (69%), followed by increased TG (29%), TC and LDL-C (11%), and glucose (4%). However, they used values of HOMA-IR greater or equal to 3.4 for the diagnosis of IR and different criteria for the definition of dyslipidemia.

Corroborating with the findings by other authors \[[@B8][@B22]\], this study found that fasting glucose values were within normal limits regardless of the method or cutoff point used for the diagnosis of IR ([Table 1](#T1){ref-type="table"}). Since fasting glucose varies little in the pediatric age group, many authors suggest that the use of HOMAIR for the diagnosis of IR would be unnecessary, since the component of the equation that effectively varies is plasma insulin, therefore being sufficient for the diagnosis \[[@B14][@B22]\]. In fact, in our cases, it was noted that the results of IR and metabolic abnormalities, using fasting plasma insulin or HOMA-IR were similar.

Our study has limitations such as the small number of patients, its cross-sectional design, unavailability of a control group and of other clinical and laboratory outcomes related to IR (hypertension, waist circumference, steatosis, etc.), arbitrariness of the definitions for corrected cutoff points (two standard deviations above the mean), and the lack of comparison with a validated diagnostic method of IR. Ideally, it would be best if this definition came from longitudinal, risk association studies; however, these have not been published to this day. Nonetheless, it should be noted that this study was the first to compare two criteria for the definition of cutoff points of fasting plasma insulin and of HOMA-IR for the diagnosis of IR and the first to describe the frequency of metabolic alterations according to these criteria.

For the clinician, this study shows the importance of always evaluating values of fasting insulin and HOMA-IR together with the age. Additionally, it is very important to remember that the hyperglycemia is not common, but it is fundamental that some evaluation of insulin resistance is used, because this phenomenon is the first step of a probable type 2 diabetes.

Based on this research, it can be concluded that, among children and adolescents with excess weight: 1) fasting plasma insulin and/or HOMA-IR CCOP enabled more diagnosis of IR as compared to FCOP; 2) the frequencies of metabolic abnormalities in the subjects with IR defined with CCOP were similar to those found using FCOP; the frequency of detection of IR by HOMA-IR was similar to that by fasting plasma insulin, regardless of the cutoff point used; hyperglycemia was not prevalent.
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###### Demographic and Laboratory Characteristics of a Sample of Obese Children and Adolescents with Insulin Resistance according to Fixed or Variable Cutoff Points of Fasting Plasma Insulin or of HOMA-IR
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Values are presented as number only or mean±standard error of the mean.

HOMA-IR: Homeostatic model assessment-insulin resistance, FCOP: fixed cut off point (fasting plasma insulin \>15 µU/mL, HOMA-IR \>3.16), CCOP: corrected cut off point (according to age and gender), NS: not significant, LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein cholesterol.

^\*^Exact Fisher\'s test.

###### Gender-Related Frequency (%) of Metabolic Abnormalities in a Sample of Obese Children and Adolescents
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LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein cholesterol; FCOP: fixed cut off point (fasting plasma insulin \>15 µU/mL, HOMA-IR \>3.16), CCOP: corrected cut off point (according to age and gender), HOMA-IR: Homeostatic model assessment-insulin resistance.

Exact Fisher\'s test *p*\>0.05.

###### Distribution of Children according to the Presence or Absence of Insulin Resistance Using Fixed or Variable Cutoff Points of Fasting Plasma Insulin or of HOMA-IR
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HOMA-IR: Homeostatic model assessment-insulin resistance, FCOP: fixed cut off point (fasting plasma insulin \>15 µU/mL, HOMA-IR \>3.16), CCOP: corrected cut off point (according to age and gender).

Exact Fisher\'s test *p*\<0.0001.

###### Comparison of Dyslipidemia Frequencies in Children with Insulin Resistance Assessed by Fixed or Age-Adjusted Cutoff Points of Insulin or of HOMA-IR
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HOMA-IR: Homeostatic model assessment-insulin resistance, FCOP: fixed cut off point (fasting plasma insulin \>15 µU/mL, HOMA-IR \>3.16), CCOP: corrected cut off point (according to age and gender), LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein cholesterol.

Mann-Whitney test *p*\>0.05.
